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ABSTRACT
Aims. Stellar spectroscopic surveys may bring useful statistical information on the links between Diffuse Interstellar Bands (DIBs)
and interstellar environment. DIB databases can also be used as a complementary tool for locating interstellar (IS) clouds. Our goal is
to develop fully automated methods of DIB measurements to be applied to extensive data from stellar surveys.
Methods. We present a method appropriate for early-type nearby stars, its application to high-resolution spectra of ∼130 targets
recorded with ESO FEROS spectrograph, and comparisons with other determinations. Using a DIB average profile deduced from the
most reddened stars, we performed an automated fitting of a combination of a smooth stellar continuum, the DIB profile, and, when
necessary, a synthetic telluric transmission.
Results. Measurements are presented for 16 DIBs in the optical domain that could be extracted automatically: 4726.8, 4762.6,
4963.9, 5780.4, 5797.1, 5849.8, 6089.8, 6196.0, 6203.0-6204.5, 6269.8, 6283.8, 6379.3, 6445.3, 6613.6, 6660.7, and 6699.3 Å. Two
approaches to equivalent width determination (fitted equivalent width and continuum-integrated equivalent width) were tested and
the two determinations were found to agree within the uncertainties, except for the 6203-6204 multiple band, and compatible with
previous non-automated measurements. Errors arising from statistical noise and continuum placement were estimated conservatively
by means of the ”sliding window” method. We derived the mean relationship between the DIB equivalent width and the color excess.
Parameters of the linear correlation relationships are positively compared with published values, and most correlation coefficients were
found higher then those based on earlier-type, UV bright target stars, confirming previous results on the influence of the radiation field.
We provide the first correlation parameters for the 5849.8, 6089.8, 6269.8, 6445.3, 6660.7 and 6699.3 Å bands in the Galaxy. The
coefficients are within the same range as for other optical bands.
Conclusions. Automated DIB equivalent width extractions can be performed for nearby early-type stars without significant losses
in the accuracy. This opens the perspective of building extended DIB catalogs based on high resolution spectroscopic surveys. We
discuss the limitations of this method in the case of distant stars and potential improvements.
Key words. ISM; diffuse interstellar bands (DIBs); extinction; color excess
1. Introduction
Identifying the carriers of the diffuse interstellar bands (DIBs) is
a long standing challenge in astronomical spectroscopy. Large
molecules or their ions appear as likely candidates, however
identifications are still actively debated (see e.g. reviews by
Herbig 1995, Sarre 2006, Friedman et al. 2011 and references
therein). On the other hand, an increasing number of bands were
discovered in the optical domain (Jenniskens & Desert 1994,
Krelowski et al. 1995, Tuairisg et al. 2000, Weselak et al. 2010,
Galazutdinov et al. 2000), about 500 DIBs now identified be-
tween 4400 and 8600 Å (Hobbs et al. 2008, Hobbs et al. 2009,
McCall & Griffin 2013).
As discussed by Friedman et al. 2011 and references therein,
attempts to identify DIBs can be divided in four fields: (1)
searches for signatures in the laboratory, (2) theoretical model-
ing of the detected profiles, (3) searches for correlations of DIBs
with other interstellar parameters, and (4) searches for correla-
tions between individual pairs of DIBs. Extensive datasets, in
particular from stellar spectroscopic surveys, can be useful in
the two latter perspectives. However, analyses of large data sets
require automated methods of DIB extraction. As part of this
work we built and tested such methods.
Another advantage of extensive DIB measurements from
spectroscopic surveys is their potential use as a tracer of the
IS matter to build three-dimensional (3D) maps, by means
of the derived spatial gradients of their strengths. This is
made possible by the link between the DIBs and the amounts
of intervening IS matter. Such a link has been extensively
studied for extinction (or color excess) and atomic or molecular
tracers. Many of them are significantly or weakly correlated
with interstellar integrated quantities, namely the HI, H2
column or the color excess, as shown by numerous studies
(e.g. Friedman et al. 2011, Vos et al. 2011). In particular, the
correlation of the DIB strength with the extinction or the color
excess has been investigated for a large number of bands, and it
has been shown that the degree of correlation is highly variable
among the DIBs (see e.g. Moutou et al. 1999 and references
in Table 1). For some of them (e.g. Friedman et al. 2011,
Ordaz et al. 2011), the correlation is moderate to good, and
sometimes improved when restricting to regions which are not
exposed by a strong UV radiation field (Raimond et al. 2012).
As a matter of fact, there is a strong and complex influ-
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ence of the UV radiation field, which now is studied in
details (e.g. Krelowski & Sneden 1994, Salama et al. 1996,
Sonnentrucker et al. 1997, Cordiner et al. 2008,
Vos et al. 2011). In particular, two distinct types of sight-lines
with respect to DIB properties and UV extinction law have been
identified (Krelowski & Sneden 1994, Krelowski et al. 1995):
the ζ-type sight-lines correspond to UV-shielded cloud cores,
while the σ-type sight-lines probe external regions of the
clouds, that are partially ionized by UV radiation field. The
DIBs behave differently in response to those conditions, and
there are families of DIBs that respond in a similar way (e.g.
Krelowski & Walker 1987). Even if their degree of correlation
with the dust or gas column is poor, DIBs can be used to locate
IS clouds in the same way interstellar lines are used, simply by
detecting gradients that mark the cloud boundary. E.g., neutral
sodium is very poorly correlated with HI, nevertheless abrupt
jumps in neutral sodium columns clearly mark the boundary of
atomic or partially-ionized clouds.
DIBs would be complementary to other tracers that have
been used for IS mapping, such as atomic lines or color ex-
cesses (Welsh & Lallement 2010, Vergely et al. 2010). The eas-
ily observed IS lines such as the NaI D1-D2 and the CaII H-K
lines saturate for moderate and high reddening so that the un-
certainties associated to the derived gas columns are large. This
is a problem when one uses spatial gradients of the absorbing
columns to locate the IS clouds. At variance with those lines,
most of the DIBS in the visible do not suffer from this satu-
ration effects and can potentially be used for larger distances.
With the advent of spectroscopic surveys such as the ESO-
Gaia Spectroscopic Survey (Gilmore et al. 2012), large numbers
of DIB absorption measurements are expected, that can feed
databases for 3D mapping. Thanks to GAIA mission, parallax
distances should become available for billions of stars and allow
to build 3D interstellar matter (ISM) maps by means of inver-
sion methods (Vergely et al. 2001, Vergely et al. 2010). Despite
the fact that assigning distances to clouds by means of absorp-
tion data does not require a proportionality between the mea-
sured quantity (column of a gaseous species, reddening, or DIB
strength) and the column of IS gas or dust, the existence of an es-
tablished average relationship is useful to estimate average vol-
ume opacities of 3D dust clouds, in addition to their locations.
Because the better the DIB correlation is, the more meaningful
the estimation of the dust (or gas) column that will be based on
the DIB strength, it is interesting to study in details all correla-
tion coefficients. In another respect, the possibility of estimating
the extinction based on a DIB strength and the correlation law
may be extremely valuable in case photometric or spectrophoto-
metric data are absent or ambiguous. As part of the present work,
we extend previous correlative studies and provide new average
relationships for several DIBs.
In a first paper (Raimond et al. 2012), we extracted two of
the strongest and well studied interstellar bands (λλ 5780.4,
6283.8) from about 150 high quality, high-resolution early-type
spectra of nearby stars and performed a study of their correla-
tions with the color excess. We found an overall agreement with
previous studies, in particular the work of Friedman et al. 2011.
This comparison showed that the dispersion around the average
relationship is diminished when using later type target stars, and
it was argued that this is due to the decrease of radiation field
influences. As a matter of fact, short sightline may be domi-
nated by dense clouds located immediately in front of the tar-
get stars and strongly irradiated. In this previous study, the mea-
surement of the DIB equivalent width (EW) was performed in
a classical, non-automated way similar to the methods used by
several other groups, i.e. by means of a preliminary fit of the
continuum around the DIB to a polynomial, a subsequent nor-
malization of the spectrum and the computation of the absorp-
tion area below the normalized continuum. At variance with
this earlier work, here we performed automated DIB measure-
ments and we compared their results with those from the previ-
ous interactive method. As said above, automated methods are
mandatory in the case of spectroscopic surveys. Here we have
been testing methods based on template DIB profiles, in the
same way Cordiner et al. 2008 proceeded in the case of M31. We
have developed an automated program and make use here of the
same database to test it and extract a series of measurable DIBs,
namely the λλ 4726.83, 4762.61, 4963.88, 5780.38, 5797.06,
5849.81, 6089.85, 6195.98, 6203.05-6204.49, 6269.85, 6283.84,
6379.32, 6445.28, 6613.62, 6660.71, and 6699.32 DIBs. The
central wavelengths here are the values listed in the recent cat-
alog of Hobbs et al (2008). An exception is the 6204 Å com-
plex, which has been shown to be made of two distinct absorp-
tions centered at 6203.05 and 6204.49 Å resp. and correspond-
ing to two distinct carriers (see e.g. Porceddu et al. 1991). For
simplicity here we have chosen to derive the equivalent width
of the ensemble of those two absorptions, with an approximate
centering at 6204 Å. For the two strong DIBs of our first pa-
per, we compare the derived equivalent widths with our previ-
ous non-automated analysis results. We finally compare the DIB
strengths with the color-excess values, and the derived relation-
ships with previously established results, when they exist.
Section 2 describes the data, while section 3 presents the
spectral analysis and the error estimates. Section 4 presents the
results, and describes the relationships with the color excess, as
well as comparisons with previous works. Section 5 discusses
the limitations of the automated method and potential improve-
ments.
2. Data
We use high-resolution (R ≈ 48000), high signal-to-noise (S/N
≥ 100) spectra of nearby, early-type (B to A5), fast rotating stars
that are mostly located within 400 pc. Observations were done
with the FEROS spectrograph at the ESO/Max Planck 2.2 m
telescope in La Silla and were part of the LP179.C-0197 pro-
gram. FEROS provides a broad spectral range: ∼ 3530 to ∼ 9210
Å. This dataset has been previously used for interstellar (IS)
neutral sodium and ionized calcium measurements that, after
merging to an existing database, have been inverted to produce
3D maps of the nearby IS matter (Welsh & Lallement 2010,
Vergely et al. 2010). They have also been used to study the two
strong bands at 5780.38 and 6283.84 Å (Raimond et al. 2012).
Such high-quality and wide range spectra are well suited for the
study of diffuse bands, including weak ones.
For the purpose of comparisons with the reddening, we
use an homogeneous dataset of color-excess data based on
the seven colors Geneva photometric system (Cramer 1999,
Burki & Cramer (private communication)). Those data, that
have also been used by Raimond et al. 2012, were all determined
based on the same calibration method. The homogeneity avoids
additional dispersion and biases in the correlation computation.
We thus have restricted this study to target stars possessing a
color excess determination from this single source. This reduced
the number of useful targets from about 400 to 150. The spectra
were also preliminarily analyzed in the search for narrow lines
due to cold companions. As a matter of fact, narrow and weak
stellar features may contaminate the DIBs and make the contin-
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uum fitting difficult or biased. This resulted in the exclusion of
a significant fraction of binary stars. The final number of targets
available for the fully automated DIB extraction is 129.
The Geneva E(B-V) color excess values were converted to
Stro¨mgen E(b-y) color excesses, using all Stro¨mgen data com-
piled by Vergely et al. 2010 for which both determinations do
exist. A scaling factor was derived from the cross-correlation
and a similar cross-correlation was then performed to convert to
the commonly used Johnson system. The relationship with the
Johnson system is E(B-V)(Geneva)= 1.703 E(B-V) (Johnson).
Finally, the error on E(B-V) was estimated conservatively to be
0.03, as discussed in Raimond et al. 2012.
3. Data analysis
3.1. Choice of DIBs.
We started with the recent and extended DIB catalog of
Hobbs et al. 2008 and initially considered all potential bands.
DIBs were first selected when they were strong enough to be
detected in more than about 20 target stars, in such a way a corre-
lation with the color excess can be established with some statisti-
cal significance. Because our targets are nearby and slightly red-
dened, this resulted in a drastic selection of the strongest bands,
despite the high signal-to-noise. In a second step, we excluded
the strong but very broad and shallow bands such as the 4426
Å band. As a matter of fact, in the case of our early-type stars
those bands have widths that become comparable to the stel-
lar line widths and are difficult to disentangle from those stellar
lines in an automated way (those DIBs are paradoxically eas-
ier to measure for late-type stars). For the selection we used
a threshold of & 0.05 for the ratio between the DIB equiva-
lent width and the full width at half maximum (FWHM). For
those broad and shallow bands, methods based on stellar spec-
tral models (Chen et al. 2012) would be more appropriate and
will be the subject of future work. Table 1 shows our 16 selected
DIBs and lists their parameters as they have been determined
by Hobbs et al. 2008. They have all been detected in several ob-
jects, including in the Magellanic clouds, M31, M33, and for
nine of them previous determinations of the relationship with
the reddening do exist for Milky Way targets and are listed in
the table.
3.2. Fitting method
Our goal is to measure DIB equivalent widths (EWs) in series
of stellar spectra in an entirely automated way. There are several
steps in this process. First, prior to the actual spectral analysis,
we establish an empirical DIB shape model. Alternatively, we
use a pre-existing model from prior studies. This is the case for
6283.84 DIB profile, which is taken from Raimond et al. 2012
and is already adapted to the resolution and instrumental re-
sponse. When weak telluric lines are present, we use a telluric
transmission model that is fitted in airmass and Doppler shift to
the data and is used to eliminate those features. Then, we fit a
pre-defined spectral interval around the DIB to a combination of
a smooth continuum, represented by a polynomial function, here
of third to seventh-degree, and the DIB model. The DIB model
is allowed to vary in strength and velocity shift, and the poly-
nomial coefficients are all free to vary. The spectral interval over
which the fit is done is pre-defined, it contains the DIB and broad
enough intervals both short-ward and long-ward of the DIB to
ensure a good fit of the stellar continuum. When strong telluric
lines are present, instead of the combination of a DIB model and
Table 1. List of the selected DIBs, their parameters and relevant
studies
λ∗c FWHM EW ∆ EW Ref.
(Å) (Å) (mÅ) rms err.
4726.83 2.74 283.8 4.2 4,13
4762.61 1.00 50.8 1.6 4,7,13
4963.88 0.62 53.4 1.0 4,7,13
5780.38 2.11 257.0 3.0 1,2,3,4,6,7,8,9nG,10,11nG ,
12nG ,14,15,18
5797.06 0.77 199.0 1.1 1,2,3,4,5,6,7,8,9nG,10,11nG ,
12nG ,14,17,18
5849.81 0.82 95.6 1.2 1,4
6089.85 0.54 28.0 0.8 4
6195.98 0.42 37.8 0.6 2,4,14,16,17,18,19
6203.05; 1.21; 57.1; 1.7; 2,4,7, 9nG ,11nG ,12nG ,14,16,17
6204.49 4.87 71.6 6.9
6269.85 1.17 77.0 1.7 2,4,7,11nG,12nG
6283.84 4.77 459.7 6.9 2,4,7,9nG,11nG ,12nG ,14,15,16,17
6379.32 0.58 94.9 0.8 4,5,7,11nG,12nG ,18,19
6445.28 0.46 35.7 0.7 4
6613.62 0.93 165.1 1.4 4,5,7,8,9nG,11nG ,12nG ,14,17,18
6660.71 0.58 33.0 0.9 4,11nG
6699.32 0.63 21.6 0.9 4, 17
(∗) λc, FWHM, EW, and ∆ EW from Hobbs et al. 2008 (measurements
towards HD204827)
(nG) extragalactic target: M31, M33, etc
References. (1) Josafatsson & Snow 1987 (reflection nebu-
lae targets); (2) Benvenuti & Porceddu 1989 (link to the 2175
Å feature); (3) Herbig 1993 (correlations with gaseous lines
and extinction); (4) Jenniskens & Desert 1994 (DIBs survey
with EW/E(B-V)); (5) Sonnentrucker et al. 1997 (Ionization
properties); (6) Krełowski et al. 1999 (relation with CH and
CH+); (7) Thorburn et al. 2003 (relation with C2 molecules);
(8) Destree et al. 2007 (cool stars); (9) Cordiner et al. 2008 (M31);
(10) van Loon et al. 2009 (Tarantula survey); (11) Cordiner et al. 2011a
(M31); (12) Cordiner et al. 2011b (M31, M33) ; (13) Ordaz et al. 2011
(O stars); (14) Friedman et al. 2011 (Correlations with gaseous
lines sand color excess); (15) Raimond et al. 2012 (survey: cor-
relation with color excess); (16) Chen et al. 2012 (cool giant
bulge stars) ; (17) Xiang et al. 2012 (compilation of corre-
lations); (18) Vos et al. 2011 (study of environmental effects);
(18) Walker et al. 2001 (study of profiles)
a smooth continuum, we fit the data to a triple combination of
telluric transmission model (also fit in strength and shift), DIB
model and smooth continuum. In all cases (non-existent, weak
or strong telluric lines), by using such a global fitting, we avoid
any manual selection of intervals for the continuum fit.
The DIB EW is derived in two separate ways. The first way
assumes that the continuum is reasonably fitted during the fit
and also that the actual DIB absorption has a shape that is simi-
lar to the model. In this case the EW is simply the product of the
model EW by the fit coefficient (or DIB’s strength or power in-
dex of the absorption), since for our sightlines the linear regime
prevails. The second estimate is solely based on the first, less re-
strictive assumption that the continuum has been correctly fitted
during the DIB+continuum(+telluric) global fit, but does NOT
make use of the DIB model nor of the fit coefficient. It simply
uses the area between the spectrum and the normalized contin-
uum. Following Cordiner et al. 2008, we call the two measure-
ments respectively as the fitted EW (which is based on the DIB
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model and power index) and continuum-integrated EW (which
is independent of the DIB model).
The comparison between the two EW values allows to de-
tect potential discrepancies between the observed and modeled
DIB shapes, including in particular some DIB broadening due to
a velocity shift spread of the interstellar clouds, or DIB shape
variations with sightline. As a matter of fact, using a unique
DIB shape is equivalent to assuming that sub-structures in the
DIB profile vary in the same proportions from one sightline
to the other. This is only true at first order, and it is known
from high resolution spectral analyses that the shape may vary
in some cases (e.g. Galazutdinov et al. 2008). It is also equiva-
lent to assuming that the DIB is much broader than the velocity
shift between the intervening clouds. This is in principle justi-
fied when the DIBs are relatively broad, and especially broad in
comparison with the radial velocity dispersion of the IS clouds.
Conversely, if for a target the two estimates of the EW are in
good agreement, this implies that the actual DIB shape in the
stellar spectrum is very similar to the template shape. This also
implies that the the continuum has been realistically fitted and
the DIB EW well estimated, and constitutes a validity check of
the automated method. We will come back to this point in the
last section.
The DIB model was obtained empirically during the prelim-
inary phase in the following way. We selected a small num-
ber (about 3 to 5) of targets such as HD172488, HD147932,
HD176853, HD151884 and HD171957 that have high color ex-
cess values and excellent spectra, extracted the DIB in a classic
way and scaled them to the same EW. Then, we simply averaged
them and used the mean as a template. In the case of the weakest
DIBs or the 6204 Å blend, the model has to be used carefully. As
we mentioned before, the comparison of the two measurements,
the fitted and continuum-integrated EWs, will allow to check its
reliability.
Atmospheric lines were modeled by means of a synthetic tel-
luric transmission computed using the Line-By-Line Radiative
Transfert Model (LBLRTM) code and the HIgh-Resolution-
TRANsmission molecular absorption (HITRAN) spectroscopic
database, here for a standard atmosphere profile and for the al-
titude of La Silla (Clough et al. 2005, Rothman et al. 2009). For
the 6283.8 DIB, telluric lines of diatomic oxygen are particu-
larly strong. For this DIB, and this DIB only, the correction was
not done in a preliminary phase, but instead we fitted the data
to a triple combination of stellar, DIB and telluric models as de-
scribed above. During the fit, both the DIB and the telluric trans-
mission are free to vary in Doppler shift and strength, allowing
for Earth velocity and airmass variations from one spectrum to
the other. An illustration of the fitting can be found in Fig. 1. For
the 5849.8, 6269.85, 6445.28, 6613.62, and 6660.71 DIBs that
are only slightly contaminated, we more simply used the syn-
thetic telluric transmission to perform a correction prior to the
DIB measurement (see Fig. 2). Finally, in a few cases we also
applied the classical corrections before the automated fit to cor-
rect for cosmic rays, by means of a classical interpolation in the
contaminated area. We also applied masks in the case of neigh-
boring DIBs to separate their respective absorptions (e.g. for the
6195.98 DIB). For some of the cooler targets, we also applied
masks to avoid the contamination by narrow stellar lines as de-
scribed in detail in Raimond et al. 2012.
The consecutive steps of the EW measurement method can
be found in Fig. 3, and the illustration of the whole fitting pro-
cess for the 6195.98 DIB can be found in Fig. 4. For the equiv-
alent width measurements, we used the same limits of integra-
tion (DIB broadness) as Friedman et al. 2011 for 5780.38, 6204,
6283.84, 6195.98, 6613.62, and 5797.06 Å. Other DIB shapes,
and integration limits can be seen in Fig. 6,7, and 8.
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Fig. 1. Illustration of telluric line corrections using an automated
fitting method that take into account stellar continuum, telluric
lines, and also DIB. The black line is the original spectrum of
HD176853, the green line is the synthetic telluric transmission,
the blue line is the fitting result, and the red line is the residual.
The very strong telluric lines are not entirely removed, however
the residuals do not impact significantly on the DIB equivalent
width.
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Fig. 2. Example of a preliminarily correction for weak telluric
lines. The black line is the spectrum of HD176853, the green
line is the synthetic telluric transmission, and the blue line is the
corrected spectrum.
3.3. Error estimates and results
3.3.1. Error estimates
Errors on the equivalent width are of two kinds: first, the statis-
tical noise in the spectrum, pixel to pixel, and second, the error
due to uncertainties in defining the continuum. The latter cor-
responds to the departure between the extrapolated part of the
fitted continuum and the true underlying continuum at the DIB
location. By definition it is impossible to know its exact shape,
and those departures depend on the quality of the spectrum and
of the properties of the target (mainly temperature and intrinsic
variability). We estimated this potential departure in an empiri-
cal, statistical way by means of the sliding windows method de-
scribed in detail by Raimond et al. 2012. In brief we applied the
same continuum fitting, based on two spectral intervals of the
same width and separated by the same gap, however this time
by centering the gap NOT at the DIB location but at a large
number of locations in the spectrum, in regions on both sides
4
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Fig. 3. DIB fitting process
of the DIB that are free of IS absorption. To do so, we trans-
late (or slide) the fitting intervals along the spectrum in a quasi-
continuous way (hence the sliding window name). The differ-
ence between the fitted continuum (which corresponds to the ex-
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Fig. 4. Illustration of the automated DIB fitting method for
the 6196.0 DIB. The first row image shows the spectrum of
HD147932 (red line) with the DIB band at about 6195.98 Å.
The second row image shows an empirical DIB shape model
(black line). It is an average profile deduced from profiles of the
most reddened stars, scaled to the same EW. The third row image
shows an example of automated DIB fitting (DIB model + con-
tinuum fitting) The red line is the spectrum of target star and the
blue line is the fitting result. The last row shows the correlation
between EWs and color excess values using OLS method.
trapolated part that would be used if there was a DIB) and the
actual spectrum provides an estimate of the error done during
the continuum placement. The entire set of locations provides a
list of error values from which we can extract a standard devia-
tion. We then quadratically added this value to the error due to
the measurement uncertainties errnoise = σ × △λN , where σ is a
standard deviation, △λ is the interval of DIB absorption, and N
is number of points in the interval of absorption.
3.3.2. Results and comparison between the two
determinations of the equivalent width
Once the automated DIB fitting is performed it is possible to
compute the equivalent width in two ways, as detailed in section
3.2: the first is based on the result of the continuum + DIB tem-
plate fitting and is a simple scaling of the DIB template EW. The
second consists in measuring directly the absorption area in the
normalized spectrum, based on the fitted continuum. Differences
between the two arise if the DIB shape in the spectrum differs
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significantly from the template, and as said above their similarity
is a validity test of the assumptions and of the automated method.
We have thus carefully compared the two equivalent widths for
the various DIBs.
Fig. 5 shows their comparison for the 16 DIBs. It can be
seen that for almost all DIBs the differences are inferior to the
uncertainties in the very large majority of measurements. As said
above, DIB shape variabilities and velocity spread of the inter-
stellar clouds must be reflected in the differences between the
two EWs. The absence of significant differences may be ex-
plained here by the proximity of the target stars, which results
in a small velocity dispersion. It also implies that the DIB shape
is representative enough of the majority of the absorptions in
the nearby ISM. For that reason, we can use any of the EWs to
study the correlations with other parameters. The exception is
the 6203-6204 Å DIB, and this is certainly related to the fact
that there are two components and that their relative strengths
do vary from one target to the other. For this system it may be
interesting to consider both the fitted EW and the continuum-
integrated EW in the search for correlations (see the two results
in table 2).
The online table contains the list of target stars, their coor-
dinates, the color excess as determined from the Geneva pho-
tometry (see section 4) and the measured equivalent width (the
fitted EWs). The results show that the DIB absorptions are weak
and that we are far from saturation, as expected for our nearby
targets.
4. Correlation with the color excess
We have used the Geneva determinations of E(B-V)
(Cramer 1999, Burki & Cramer (private communication)) to
compute, for the sixteen DIBs, their average linear relationships
with the color excess. This was done in two ways:
– by performing a simple linear fitting without taking into
account individual errors on both quantities (ordinary least
square, OLS).
– by applying the Orthogonal Distance Regression (ODR)
method (or total least-squares method), taking into ac-
count individual errors on both the EWs and the E(B-
V)s. For this method, we used the ODRPACK95 pack-
age (Boggs et al. 1989) implemented in the IGOR 6.22A
WaveMetrics software.
Following most of the studies, we did not impose a strict pro-
portionality between the two quantities. We performed the cor-
relation exclusively for the target stars and EWs listed in Table
??, i.e. excluding binary stars or stars for which the automated fit
did not converge due to the combination of noise level and DIB
weakness, and also stars for which the measured EW is smaller
than the estimated uncertainty. The Pearson correlation coeffi-
cient is deduced from the OLS method, with two values listed,
the first one for the totality of the measurements, and the second
after removal of two peculiar stars, when they have not been al-
ready removed from the list due to the criteria mentioned above.
The correlation parameters and coefficients can be found in
Table 2 and the linear fits are displayed in Fig. 6, 7 and 8. We
provide the first correlation parameters and coefficients for six
DIBs, namely the 5849.81, 6089.85, 6269.85, 6445.28, 6660.71
and 6699.32 Å band. It is interesting to note that the new corre-
lations coefficients are in the same range as for the other DIBs
in the optical, with Pearson coefficients between 0.89 and 0.95,
which confirms a significant positive correlation between color
excess and EW of those DIBs. Since the Pearson coefficient does
not take into account measurement uncertainties, it is also infor-
mative to consider the uncertainties on the slopes obtained from
the OLS and ODR methods. In the case of the OLS method, un-
certainties on the parameters are estimated along with the fitting
process from the dispersion around the mean value. In the ODR
method, the uncertainties are calculated based on all measure-
ment uncertainties.
We have compared our results with relevant published val-
ues from references listed in Table 1. Correlation studies of the
4726.8, 4762.6, and 4963.9 Å DIBs have been performed by
Ordaz et al. 2011 for a large set of galactic O stars. While our
correlation coefficient is similar for DIB 4726.8 (0.92 vs. 0.90),
it is significantly higher for the two other DIBs. Following the
same argumentation as in Raimond et al (2012), we believe this
is due to the characteristics of our targets, that are late B or A
stars. Their relatively low UV radiation field partly avoids strong
effects on the DIB carriers in clouds that are located close to the
targets, while such effects must be present in a number of their
less distant O stars. This suggests that the 4726.8 DIB is less
sensitive to such effects. Friedman et al. 2011 have established
correlations with the color excess for six DIBs in common with
our study, namely the 5780.4, 5797.1, 6196.0, 6204, 6283.8,
and 6613.6 DIBs, using O-and early B stars from the northern
hemisphere, while Raimond et al. 2012 have established corre-
lations for the 5780.4 and 6283.8 DIBs using the same set of
cooler stars as we are using here. In general, our results are in
agreement with them, as well as with earlier measurements from
Herbig 1993. Figure 9 shows the comparison between our re-
sults and Raimond et al. 2012. There are only small differences
with Raimond et al. 2012 for the DIB 5780.4, that are probably
caused by the noise and residual contamination in the spectra
during the fitting process. We find a noticeable difference in
the case of the 6283.8, (a slope of 0.00076 instead of 0.00067
mag/mA) which we explain by the following bias. For this DIB,
the automated sliding window method is influenced by telluric
lines and gives very large uncertainties on EWs, that result in the
exclusion of a large number of targets with small EWs, following
our threshold rule. This introduces a bias towards higher EWs
for small reddening values and a larger slope. This implies that
such a method is not fully appropriate where telluric lines are too
strong and that another method should be searched for. Similarly
to the case of the 5780.4 Å DIB, for which using cooler stars re-
sults in a tighter correlation, we note here that for the 5797.1,
6196.0, 6204 and 6613.6 DIBs we also obtain a significantly
better correlation than the one of Friedman et al. 2011. This is
very likely also caused by environment effects, those bands be-
ing strongly influenced by the radiation field. The same remarks
apply to the correlation coefficients measured by Vos et al. 2011
for the upper Scorpius region that, except for DIB 5797, are
lower than found here. Josafatsson & Snow 1987 have computed
Pearson coefficients for three DIBS in common: 5780, 5849 and
5797 AA , using early-type target stars in reflection nebulae.
We also computed their correlation parameters, using data from
their tables. The parameters are in agreement with ours, within
uncertainties. Our Pearson coefficients are higher, 0.94 vs 0.90
for DIB 5780, 0.94 vs 0.89 for DIB 5797, and finally 0.92 vs
0.75 for DIB 5849. The large difference for this latter band sug-
gests that it is strongly sensitive to radiation conditions. Finally,
Cordiner et al. 2011a quotes average coefficients of 88 and 50
mÅ/mag for the 6379 and 6660 DIBs resp., in their comparison
with M31. Those values are similar to our results.
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Fig. 5. Comparison of results from the two methods of EW measurements, the fitted EWs vs. the continuum-integrated EWs.
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Fig. 6. DIB model and color excess-DIB equivalent width correlation.
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Fig. 7. DIB model and color excess-DIB equivalent width correlation (continued).
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Fig. 8. DIB model and color excess-DIB equivalent width correlation (continued).
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Table 2. DIB correlation with color excess with ordinary least square (OLS) fitting and orthogonal distance regression (ODR) fitting, where E(B − V) = a + b ∗ EW.
λc(Å) LOS Corr. coeff. Corr. coeff.* OLS ODR
(OLS) (OLS) a (mag) b (mag/mÅ) a* (mag) b* (mag/mÅ) a (mag) b (mag/mÅ)
4726.83 28 0.92 0.92 0.0479 ± 0.0188 0.0126 ± 0.0011 0.0446 ± 0.0188 0.0127 ± 0.0011 0.0130 ± 0.0193 0.0196 ± 0.0022
4762.61 63 0.87 0.88 -0.0937 ± 0.0175 0.0248 ± 0.0018 -0.0945 ± 0.0175 0.0247 ± 0.0017 -0.1497 ± 0.0420 0.0326 ± 0.0057
4963.88 23 0.93 0.92 0.0638 ± 0.0213 0.0249 ± 0.0022 0.0637 ± 0.0213 0.0249 ± 0.0023 0.0302 ± 0.0189 0.0331 ± 0.0042
5780.38 76 0.94 0.94 0.0024 ± 0.0071 0.0025 ± 0.0001 0.0006 ± 0.0071 0.0025 ± 0.0001 0.0086 ± 0.0054 0.0023 ± 0.0001
5797.06 32 0.94 0.94 0.0306 ± 0.0151 0.0055 ± 0.0004 0.0291 ± 0.0151 0.0055 ± 0.0004 0.0203 ± 0.0172 0.0063 ± 0.0005
5849.81 97 0.92 0.92 -0.0072 ± 0.0065 0.0117 ± 0.0005 -0.0073 ± 0.0065 0.0116 ± 0.0005 -0.0163 ± 0.0056 0.0127 ± 0.0005
6089.85 19 0.92 0.93 -0.0429 ± 0.0373 0.0705 ± 0.0075 -0.0566 ± 0.0373 0.0722 ± 0.0073 -0.1162 ± 0.0752 0.0875 ± 0.0198
6195.98 76 0.94 0.95 -0.0269 ± 0.0076 0.0205 ± 0.0008 -0.0277 ± 0.0076 0.0204 ± 0.0008 -0.0349 ± 0.0086 0.0217 ± 0.0012
6204 31 0.94 0.94 -0.0457 ± 0.0198 0.0119 ± 0.0008 -0.0475 ± 0.0198 0.0119 ± 0.0008 -0.1290 ± 0.0767 0.0174 ± 0.0044
6204ci 31 0.93 0.92 -0.0269 ± 0.0209 0.0084 ± 0.0006 -0.0267 ± 0.0213 0.0084 ± 0.0007 -0.0801 ± 0.0436 0.0114 ± 0.0019
6269.85 44 0.89 0.89 0.0377 ± 0.0141 0.0116 ± 0.0009 0.0377 ± 0.0141 0.0116 ± 0.0009 0.0204 ± 0.0104 0.0151 ± 0.0009
6283.84∗∗ 44 0.83 0.84 -0.014 ± 0.020 0.00081 ± 0.00008 -0.010 ± 0.016 0.00076 ± 0.00007 -0.036 ± 0.019 0.00089 ± 0.00009
6379.32 41 0.93 0.93 0.0401 ± 0.0126 0.0094 ± 0.0006 0.0383 ± 0.0126 0.0094 ± 0.0006 0.0359 ± 0.0080 0.0101 ± 0.0004
6445.28 60 0.91 0.91 -0.0783 ± 0.0130 0.0363 ± 0.0022 -0.0783 ± 0.0130 0.0363 ± 0.0022 -0.0956 ± 0.0185 0.0418 ± 0.0036
6613.62 69 0.94 0.95 0.0059 ± 0.0075 0.0051 ± 0.0002 0.0051 ± 0.0075 0.0051 ± 0.0002 0.0008 ± 0.0063 0.0051 ± 0.0002
6660.71 24 0.95 0.95 -0.0640 ± 0.0211 0.0359 ± 0.0026 -0.0640 ± 0.0211 0.0359 ± 0.0026 -0.0953 ± 0.0458 0.0428 ± 0.0088
6699.32 44 0.89 0.89 -0.0718 ± 0.0203 0.0380 ± 0.0030 -0.0737 ± 0.0203 0.0380 ± 0.0030 -0.1284 ± 0.0333 0.0527 ± 0.0065
(∗) excluding some peculiar stars: HD147932, HD179029 (∗∗) excluding HD172488
(ci) based on continuum integrated EW measurement
Notes. From the first to the last column, respectively: center wavelength of DIB, number of stars or line-of-sights (LOS) data used in the correlation determination, correlation coefficient (p-value) determined by including
all LOS data, correlation coefficient (p-value) determined by removing peculiar stars, fitting parameter a and b from OLS method and from ODR method.
Table 3. Comparison of correlations with the color excess: reference numbering from Table 1
λc(Å)∗ (a, b) and p-value obtained (1) (3) (5) (15) (14) (13) (18)
4726.83 (0.048, 0.013) 0.92 0.90
4762.61 (-0.094, 0.025) 0.87 0.81
4963.88 (0.064, 0.025) 0.93 0.74
5780.38 (0.0024, 0.0025) 0.94 0.90 (.., 0.0025) (0,0.0021) (-0.006, 0.0019) 0.91 (-0.008, 0.0020 ) 0.82 (-0.006,0.0021) 0.79
5797.06 (0.031, 0.0055) 0.94 0.89 (.., 0.0047) (0,0.0082) (-0.029, 0.0057) 0.84 (0.031,0.0063) 0.92
5849.81 (-0.0072, 0.012) 0.92 0.75
6089.85 (-0.043, 0.071) 0.92
6195.98 (-0.027, 0.021) 0.94 (-0.051, 0.021) 0.85 (-0.11,0.028) 0.72
6204 (-0.046, 0.012) 0.94 f ; (-0.027, 0.0084) 0.93 ci (-0.072, 0.0060) 0.83
6269.85 (0.038, 0.012) 0.89
6283.84 (-0.010, 0.0076) 0.83 (-0.005, 0.0064) 0.84 (-0.077, 0.0096) 0.82
6379.32 (0.040, 0.0094) 0.93 (0,0.011) (0.017,0.011) 0.85
6445.28 (-0.078, 0.036) 0.91
6613.62 (0.006, 0.0051) 0.94 (0,0.0050) (0.020, 0.0046) 0.83 (0.012,0.0056) 0.86
6660.71 (-0.064, 0.036) 0.95
6699.32 (-0.072, 0.038) 0.89
( f ) values from fitted EW
(ci) values from continuum integrated EW11
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5. Discussion
We have devised and applied a simplified but automated method
of DIB equivalent width measurements appropriate to early-type
spectra. The method uses a preliminary DIB shape and fits the
data to the product of a smooth, polynomial continuum and a
DIB template profile fitted in strength and velocity shift. The
scaling coefficient, combined with the EW of the template of
reference, provides a first determination of the DIB equivalent
width (the fitted EW). A second estimate of the equivalent width
is the absorption directly measured below the normalized spec-
trum using the fitted continuum, independently of the DIB tem-
plate (the continuum-integrated EW). At variance with the first,
this second determination takes into account the departures from
the initial shape, the first step being a way to obtain a realistic
continuum at the DIB location.
We have applied this method to a database of nearby stars
high resolution spectra, for stars possessing a precise determina-
tion of he color excess. We preliminarily eliminated binary sys-
tems and corrected the spectra for weak telluric lines by means
of a modeled atmospheric transmission. In the case of the strong
telluric lines that contaminate the 6283.8 Å DIB, we also tested
the fit of the triple combination of a telluric transmission, a
smooth continuum and a DIB template. We estimated the uncer-
tainties on the DIB EWs due to the noise level and continuum
placement.
For all DIBs except one, we found that the two EW determi-
nations are in good agreement, and are compatible within our es-
timated uncertainties. This implies that, at least for our database,
there are only small variations of the DIB profiles from the ini-
tial templates. The main reasons are the small number of ab-
sorbing clouds and the small radial velocity differences among
those clouds, in comparison with the DIB intrinsic width. For
more distant targets, departures between the two EWs may be
used to initiate a second fit with two or more DIB profiles cen-
tered at distinct velocity shifts, in an iterative manner. The excep-
tion to the equality of the two determinations is the 6203-6204
DIB, that is composed of at least two distinct bands (see e.g.
Porceddu et al. 1991).
Correlations parameters with the stellar reddening are found
to be in good agreement with previous determinations, again
within uncertainties, and we present six new determinations. The
Pearson correlation coefficients are between 0.89 for 6269.85
and 6699.32 Å to 0.95 for 6660.71 Å, in a very similar range
than other DIBs in the optical domain. When compared with
previous determinations, our Pearson coefficients for all DIBs
are often significantly higher. We believe that this is due to
the lack of strong stellar radiation field influences, our targets
being cooler than most of those used in other studies (e.g.
Friedman et al. 2011, Ordaz et al. 2011).
We note that the two DIBs that correlate the best with the
reddening, the 6196 and 6614 Å bands, are also those that have
high degrees of correlation with each others and other bands,
such as 5544, 5809, 6699 Å (see details on correlations in the
recent work by Xiang et al. 2012 and McCall et al. 2010).
We conclude from this study that DIBs have been correctly
extracted from spectroscopic data of early-type stars in the sim-
plified automated way we have tested. Such treatments may be
applied to build extended databases, available for correlative
studies and studies of the environmental effects. The forthcom-
ing ESA cornerstone GAIA mission will provide the distances
to most targets observable with Galactic spectroscopic surveys,
opening the way to three-dimensional mapping of the DIB car-
riers based on absorption measurements from surveys. In this
perspective, the development of refined automated methods is
mandatory. A condition of success for such methods is the elim-
ination of binary stars, that must be detected prior to the DIB
extraction. Here our targets are relatively nearby, and the sight-
line IS velocity dispersion is small in comparison with the DIB
width. However, for distant targets, procedures allowing for mul-
tiple clouds with radial velocity shifts potentially broadly dis-
tributed will be necessary. They could be e.g. based on iterations
for an increasing number of components, using differences be-
tween fitted DIB EWs and continuum-integrated EWs as criteria
for the number of clouds, following the above remarks on those
differences. On the other hand, if one wants to reach the best pos-
sible spatial resolution of the 3D maps, methods appropriate for
cool stars will be required. Such methods are in current develop-
ment, and promising results have been obtained from combina-
tions of stellar synthetic spectra of cool stars, telluric transmis-
sion profiles and DIB absorption templates (Chen et al. 2012).
Again, special attention will have to be given to the case of bi-
nary systems, for which automated tools may provide erroneous
results. A preliminary detection of those systems will have to
precede the DIB analysis itself.
Acknowledgements.
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Table 1. Target stars and DIB measurements (EW in mÅ)
star (HD) l (◦) b (◦) s. type plx (mas) E(B-V) EW 4726.83 EW4762.61 EW 4963.88 EW 5780.38 EW 5797.06 EW 5849.81 EW 6089.85
480 319.5 -65.6 B5V 3.15 ± 0.72 -0.0009
955 78.9 -77.1 B4V 3.24 ± 1.03 0.0061 4.20 ± 2.34 -6.69 ± 6.39
1348 303.2 -28.7 B9.5IV 1.73 ± 0.60 0.1042 12.15 ± 5.47 2.53 ± 2.17 83.17 ± 20.93 16.00 ± 15.18
1685 306.9 -47.3 B9V 10.65 ± 0.51 -0.0009 -2.52 ± 1.80 4.78 ± 1.69
9478 296.8 -50.2 B9V 2.00 ± 0.65 0.0105 5.73 ± 5.10
10161 204.4 -79.2 B9V 5.64 ± 0.84 0.0026 4.98 ± 2.77
16891 285.4 -49.0 B8V 6.68 ± 0.53 -0.0168 3.37 ± 2.27 -5.99 ± 5.56
18546 243.7 -61.4 A0Vn 9.01 ± 0.64 -0.0027 -7.89 ± 7.57
21360 263.1 -52.5 A0V 7.49 ± 0.61 0.0238 -10.39 ± 6.25 6.14 ± 2.39
24446 196.0 -42.3 B9 2.31 ± 0.83 0.0220 7.34 ± 3.99 4.98 ± 3.33
27528 211.7 -40.7 B9V 5.78 ± 0.87 0.0114 7.76 ± 3.85 3.86 ± 2.90
29506 218.8 -38.2 B6V 2.44 ± 0.74 0.0070 5.98 ± 2.50
32043 205.6 -27.6 B9 2.23 ± 1.02 0.0556 8.53 ± 7.84 15.88 ± 6.22 5.42 ± 1.54
33244 286.3 -33.4 B9.5V 3.57 ± 0.96 0.0485 9.12 ± 5.40 13.60 ± 3.67 2.91 ± 1.26 33.28 ± 16.25 24.90 ± 11.56 8.80 ± 1.93
35021 223.2 -28.9 B8V 3.38 ± 0.89 0.0052 4.27 ± 2.87 -5.69 ± 4.31 4.31 ± 1.96
35580 264.2 -34.5 B8/B9V 4.35 ± 0.51 0.0061 -8.67 ± 6.61 2.56 ± 1.41
36965 233.8 -28.9 A0IV 3.50 ± 0.60 0.0167 5.07 ± 5.03
37717 246.2 -30.5 B8V 6.65 ± 0.57 0.0220 -9.03 ± 6.57
37935 276.5 -32.1 B9.5V 3.81 ± 0.47 0.0008 -8.43 ± 5.42 3.58 ± 1.35
39294 238.1 -26.4 A1V 5.46 ± 0.66 0.0529
40355 221.1 -18.7 B8IV 5.43 ± 0.90 0.0229 6.86 ± 4.14
40953 291.1 -29.4 B9.5V 12.06 ± 0.46 -0.0062 -9.85 ± 6.83 5.11 ± 1.92 1.46 ± 1.25
42525 275.8 -29.2 A0V 9.82 ± 0.46 -0.0124 -7.61 ± 6.78 3.59 ± 1.78
42834 252.7 -25.8 A0V 4.92 ± 0.50 0.0079 4.30 ± 4.29 -9.24 ± 6.50
44533 284.5 -28.5 B8V 4.39 ± 0.48 0.0627 6.73 ± 4.43 19.96 ± 13.31 14.71 ± 11.77 8.41 ± 2.19
44737 252.6 -23.8 B7V 1.57 ± 0.58 0.0079
45098 244.8 -21.1 B5V 2.48 ± 0.59 0.0370 4.35 ± 2.51 17.16 ± 9.82 5.33 ± 1.66
45557 269.5 -26.6 A0V 11.37 ± 0.45 -0.0133 -8.72 ± 8.01
46976 279.2 -27.1 B9V 3.85 ± 0.62 0.0141 3.98 ± 3.45 11.07 ± 9.77 5.55 ± 1.24
48150 252.3 -20.2 B3V 1.88 ± 0.58 0.0441 6.37 ± 2.75 2.93 ± 2.69
48261 239.8 -15.5 B9V 5.34 ± 0.64 -0.0071 5.63 ± 3.03 3.73 ± 2.68 1.49 ± 1.38
49336 247.1 -17.2 B3Vne 2.25 ± 0.55 0.0485
49573 224.1 -6.5 B8II/III 2.01 ± 0.79 0.0582 8.83 ± 1.37 -1.48 ± 1.34 49.96 ± 13.27 3.30 ± 1.56
50093 236.1 -11.6 B2III/IV 2.71 ± 0.62 0.0052 4.87 ± 3.50
52266 219.1 -0.7 O9V 2.06 ± 0.91 0.2941 13.96 ± 3.77 19.14 ± 4.15 6.17 ± 2.30 154.88 ± 29.23 56.26 ± 17.86 16.31 ± 2.88 4.88 ± 2.15
60102 296.8 -26.5 B9/B9.5V 4.84 ± 0.57 0.0830 4.28 ± 4.19 2.35 ± 2.29 27.32 ± 9.20 23.33 ± 13.37 10.42 ± 2.40 2.81 ± 1.05
60325 230.4 2.5 B2II 2.16 ± 0.80 0.1793 15.46 ± 4.58 84.89 ± 20.25 25.34 ± 19.02 10.63 ± 6.27
60929 257.1 -11.4 A0V 5.62 ± 0.51 0.0123 -6.76 ± 5.36 6.18 ± 2.94
61554 234.9 1.6 B6V 3.65 ± 0.74 0.0706 3.01 ± 2.48 34.39 ± 6.73 14.62 ± 8.78 4.70 ± 1.99 2.02 ± 1.51
61672 242.1 -2.4 B6V 3.98 ± 0.69 0.0176 6.27 ± 3.31
61831 252.1 -7.9 B3V 5.68 ± 0.46 -0.0089 -8.75 ± 6.88
62503 253.2 -7.8 B9V 4.87 ± 0.61 0.0052 -2.63 ± 2.45
63868 255.2 -7.4 B5V 2.84 ± 0.51 0.0309 7.08 ± 5.60 -4.15 ± 2.42
69253 257.8 -3.4 B4V 3.40 ± 0.54 0.0097 -3.78 ± 1.85
70948 260.7 -3.5 B5V 2.23 ± 0.61 0.0503 4.98 ± 1.74 3.88 ± 3.27 11.84 ± 10.69 4.93 ± 2.56
71518 237.8 13.4 B2V 3.04 ± 0.75 0.0132 -3.22 ± 2.25
72787 257.9 1.0 B2/B3V 2.39 ± 0.56 0.0088 -3.01 ± 1.98
75009 264.0 -0.8 B8IV/V 2.88 ± 0.59 0.0264 5.77 ± 2.77
75112 256.5 5.4 B3V 3.64 ± 0.59 0.0211 5.12 ± 3.54 15.04 ± 12.82
79752 245.0 22.8 A0V 9.38 ± 1.10 0.0088 2.64 ± 1.61 -8.67 ± 8.60 5.39 ± 2.85
80590 260.7 10.9 B8V 4.79 ± 0.59 0.0141 7.18 ± 4.98
83153 274.2 1.0 B3/B4III 2.28 ± 0.78 0.2075 15.14 ± 11.62 6.50 ± 5.21 5.95 ± 2.08 67.56 ± 20.13 34.97 ± 9.10 12.75 ± 2.42 4.65 ± 1.77
84552 274.1 3.6 B6/B7V 2.79 ± 0.57 0.0309 7.05 ± 3.47 3.29 ± 1.82
85604 273.7 5.9 B8/B9V 3.70 ± 0.61 0.0238 5.47 ± 1.84
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Table 1. continued.
star (HD) l (◦) b (◦) s. type plx (mas) E(B-V) EW 4726.83 EW4762.61 EW 4963.88 EW 5780.38 EW 5797.06 EW 5849.81 EW 6089.85
86612 259.8 24.1 B5V 5.19 ± 0.77 0.0786 8.52 ± 4.39 10.14 ± 3.93 2.10 ± 2.03
93331 262.2 39.3 B9.5V 6.60 ± 0.84 0.0167 6.68 ± 1.19
93845 297.7 -19.0 B2.5IV 8.97 ± 0.45 -0.0062
95178 263.2 43.7 A0 4.41 ± 0.97 0.0088 3.53 ± 1.99
98161 283.2 21.2 A1V 13.96 ± 0.78 0.0045 -10.38 ± 4.82 7.36 ± 2.63
98867 284.6 20.6 B9.5V 3.96 ± 0.87 0.0362 5.57 ± 1.47
100889 274.2 48.9 B9.5Vn 10.70 ± 0.79 -0.0080 -7.51 ± 6.48 4.84 ± 2.83
103077 293.1 12.3 B5V 2.93 ± 0.76 0.0441 8.81 ± 6.50 18.53 ± 8.12
105078 292.6 26.3 B7V 4.48 ± 0.78 0.0326 5.66 ± 5.32
105313 294.9 16.6 B9V 4.04 ± 0.78 0.0556 11.81 ± 6.63 29.27 ± 9.15 5.43 ± 4.39
106461 302.7 -25.6 B9V 5.16 ± 0.54 -0.0045 1.57 ± 1.42 4.01 ± 2.79
107931 298.2 15.2 B9V 6.32 ± 0.80 0.0291 3.79 ± 2.74 4.23 ± 2.52
108107 292.8 50.7 A1V 15.49 ± 0.75 -0.0137 -8.76 ± 8.32 4.56 ± 1.37
108267 298.3 17.9 A3V 3.94 ± 0.95 0.0219 11.41 ± 7.02 4.66 ± 4.13
108344 302.3 -21.0 B8V 4.52 ± 0.57 0.1307 9.41 ± 4.86 60.92 ± 11.26 18.88 ± 10.15 7.74 ± 2.78
109309 295.7 53.2 A0V 12.47 ± 0.81 -0.0045 4.78 ± 3.43
113709 304.1 -10.8 B9V 2.62 ± 0.72 0.0927 -3.21 ± 3.09 58.02 ± 16.80 6.46 ± 3.87 1.94 ± 1.45
114887 304.9 -7.7 B4III 3.45 ± 0.69 0.1846 9.01 ± 4.01 2.16 ± 1.84 92.55 ± 19.75 22.09 ± 9.87 8.93 ± 2.85 2.12 ± 1.71
116226 308.3 14.0 B6IV 1.82 ± 0.71 0.0697 3.73 ± 2.71 -2.60 ± 1.72 21.20 ± 10.55 3.41 ± 2.37
116663 308.9 14.9 B9V 0.98 ± 1.17 0.0503 5.28 ± 4.28 34.23 ± 17.40 10.26 ± 9.27 5.42 ± 3.51
117484 310.0 15.6 B9V 7.09 ± 0.88 -0.0054
119283 309.6 3.0 B8V 4.76 ± 0.81 0.0856 7.80 ± 3.44 41.76 ± 13.24 11.39 ± 7.48 5.81 ± 2.56
120958 315.9 22.2 B3Vnne 2.20 ± 0.85 0.1051 7.11 ± 6.46 16.65 ± 10.64 6.01 ± 5.43
124834 309.0 -12.2 B3III/IV 3.35 ± 0.62 0.1528 5.99 ± 4.92 7.05 ± 5.25 62.82 ± 14.78 17.05 ± 13.17 10.91 ± 2.76 2.71 ± 1.63
126131 333.1 41.3 A1V 4.99 ± 0.90 0.0688 6.76 ± 5.52 3.87 ± 2.70
131058 315.0 -6.1 B3Vn 2.66 ± 0.62 0.1104 3.93 ± 3.23 10.25 ± 4.35 2.43 ± 2.08 70.98 ± 11.89 6.70 ± 1.71
132101 322.3 6.4 B5V 2.73 ± 0.86 0.1077 7.34 ± 4.90 37.81 ± 10.98 9.41 ± 5.95 5.35 ± 2.78
133529 337.3 28.0 B7Vn... 5.78 ± 1.01 0.1219 7.69 ± 2.17 7.12 ± 3.33 3.65 ± 2.26 43.00 ± 21.83 22.62 ± 10.84 10.44 ± 2.09
135961 311.6 -16.3 B9V 3.17 ± 0.63 0.0609 7.01 ± 3.61 33.26 ± 7.48 5.02 ± 2.39
139909 353.4 31.8 B9.5V 6.23 ± 0.86 0.1192 3.08 ± 2.58 8.42 ± 2.84 58.86 ± 13.70 8.60 ± 2.34
140037 340.1 18.0 B5III 3.70 ± 0.96 0.0750 4.67 ± 4.18 21.53 ± 14.87
140619 330.2 4.6 B9III 2.30 ± 0.82 0.1042 6.44 ± 4.31 51.71 ± 16.68 13.71 ± 6.43 4.30 ± 2.34
141327 340.9 16.6 B9V 5.00 ± 0.87 0.0609 3.78 ± 3.69 13.84 ± 12.84 10.58 ± 10.04 4.46 ± 3.06
142315 349.0 23.3 B9V 6.52 ± 1.03 0.1280 3.49 ± 1.70 6.15 ± 3.45 47.59 ± 12.73 6.90 ± 1.96
143321 330.6 1.2 B5V 4.51 ± 0.90 0.1740 4.54 ± 3.74 3.48 ± 2.45 74.36 ± 8.72 15.97 ± 8.11 6.56 ± 2.83
143326 313.0 -18.5 B8V 3.64 ± 0.70 0.0547 4.41 ± 2.12 19.57 ± 13.63 5.57 ± 3.60
146029 352.8 20.2 B9V 4.20 ± 0.87 0.1316 4.08 ± 2.67 12.74 ± 3.48 83.82 ± 8.68 9.01 ± 7.18 7.04 ± 1.82
146254 359.1 25.0 A0III 5.31 ± 0.77 0.1386 64.46 ± 23.44 16.45 ± 15.03 8.16 ± 2.00
146295 320.2 -13.0 B8/B9V 5.17 ± 0.79 0.0450 5.92 ± 4.07 23.23 ± 4.79
147932 353.7 17.7 A 7.76 ± 0.96 0.4947 38.76 ± 20.18 20.15 ± 8.76 20.95 ± 7.59 169.03 ± 40.42 52.63 ± 6.66 38.01 ± 5.16 5.14 ± 2.82
149425 342.5 4.7 B9V 5.42 ± 0.94 0.1899 8.04 ± 3.34 9.04 ± 7.22 2.83 ± 2.27 89.85 ± 22.89 31.36 ± 9.07 11.26 ± 2.24 3.39 ± 2.57
150548 328.1 -9.7 B3V 3.75 ± 0.88 0.0856 8.98 ± 6.19 44.43 ± 17.72 14.76 ± 10.34
151884 3.2 17.4 B5V 3.73 ± 0.92 0.4372 20.56 ± 3.64 23.63 ± 7.94 8.98 ± 4.31 195.65 ± 40.89 67.84 ± 14.69 27.12 ± 3.60 4.97 ± 3.53
157524 329.0 -15.2 B7/B8V 4.17 ± 0.67 0.0441 18.31 ± 10.48 4.36 ± 2.17
164716 22.5 8.3 B9V 5.62 ± 0.81 0.2600 8.96 ± 7.75 87.68 ± 14.41 30.09 ± 6.31 15.47 ± 2.55 4.06 ± 2.45
164776 351.8 -9.2 B5Vn... 3.17 ± 0.94 0.0574 16.71 ± 14.76 7.18 ± 6.15 5.13 ± 3.05
165052 6.1 -1.5 O8 2.27 ± 1.13 0.4249 13.04 ± 2.89 17.09 ± 4.55 7.88 ± 3.80 160.46 ± 82.25 54.68 ± 14.79 29.02 ± 4.33 5.60 ± 1.65
165365 2.8 -3.7 B7/B8III 2.39 ± 0.89 0.0900 52.67 ± 13.82 2.91 ± 1.64
167468 319.3 -24.4 A0V 16.59 ± 0.57 0.0035 7.57 ± 3.44 2.41 ± 1.90
171722 324.7 -24.7 B9V 5.11 ± 0.70 0.0326 15.63 ± 13.69 6.63 ± 3.02
171957 19.0 -3.4 B8II/III 4.70 ± 0.94 0.3268 17.68 ± 8.94 13.53 ± 4.86 10.21 ± 2.88 151.85 ± 28.09 56.97 ± 12.14 26.62 ± 3.44 6.10 ± 3.00
172016 0.8 -12.5 B9.5V 4.43 ± 0.97 0.0574 6.54 ± 4.99 23.87 ± 7.89 3.12 ± 1.76
172488 24.0 -1.6 B0.5V 3.61 ± 1.16 0.8348 62.46 ± 9.30 31.92 ± 23.22 29.70 ± 5.75 229.17 ± 53.93 143.24 ± 12.13 73.55 ± 3.67 12.25 ± 3.90
172882 313.3 -26.9 A0V 3.94 ± 0.64 0.0998 59.87 ± 17.14 5.66 ± 1.96 3.32 ± 2.44
176853 24.6 -7.3 B2V 3.50 ± 0.81 0.4372 34.74 ± 8.03 18.66 ± 6.20 17.13 ± 4.86 164.59 ± 34.78 94.83 ± 11.00 53.37 ± 2.56 8.65 ± 1.82
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Table 1. continued.
star (HD) l (◦) b (◦) s. type plx (mas) E(B-V) EW 4726.83 EW4762.61 EW 4963.88 EW 5780.38 EW 5797.06 EW 5849.81 EW 6089.85
177756 30.3 -5.5 B9Vn 26.05 ± 0.81 0.0019 -8.21 ± 5.97
179029 0.1 -20.0 B5V 3.41 ± 0.91 0.2614 10.39 ± 4.09 10.07 ± 3.16 7.81 ± 4.60 44.14 ± 20.08 32.41 ± 9.17 17.63 ± 1.92 2.60 ± 1.61
181296 342.9 -26.2 A0Vn 20.98 ± 0.68 -0.0160 2.33 ± 1.98
182254 321.0 -28.7 B8/B9Vn 3.72 ± 0.75 0.0353 4.69 ± 1.75
186837 335.9 -30.6 B5V 3.63 ± 0.75 0.0052 3.44 ± 1.93
188246 355.6 -29.7 B8/B9V 2.02 ± 0.93 0.0070 3.94 ± 2.30
195805 330.6 -35.5 B8/B9V 5.45 ± 0.77 0.0088
195843 13.1 -34.4 B8V 5.50 ± 0.84 0.0035 -6.42 ± 6.40 5.08 ± 2.07
196413 28.5 -31.0 B9V 3.15 ± 1.01 0.0370 12.83 ± 8.24 3.40 ± 3.26
197630 2.9 -38.3 B8/B9V 10.19 ± 0.84 0.0035 -1.32 ± 1.28 2.46 ± 1.93
201057 31.2 -37.8 B9.5V 7.54 ± 0.90 -0.0027 3.85 ± 2.99 4.57 ± 1.56
201317 357.7 -42.9 B8V 3.12 ± 0.96 0.0167 4.31 ± 1.81
202299 329.4 -39.7 B8V 5.91 ± 0.66 -0.0107 3.54 ± 1.40
205348 322.6 -39.3 B8V 5.01 ± 0.63 0.0035
205705 32.3 -45.0 B8V 4.96 ± 0.97 0.0079 3.30 ± 2.49 7.35 ± 2.88
207158 338.1 -46.5 B9V 4.76 ± 0.71 -0.0054
207603 21.0 -50.2 B8/B9V 4.92 ± 0.93 0.0123 4.76 ± 3.61
209386 19.4 -53.2 B8V 4.01 ± 0.90 0.0105 4.08 ± 2.77
218173 65.5 -58.5 A0 5.96 ± 0.98 0.0309 6.09 ± 2.10
225206 17.9 -79.4 B8/B9V 4.10 ± 1.06 -0.0027 4.77 ± 1.96
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Table 1. Target stars and DIB measurements (EW in mÅ)
star (HD) EW 6195.98 EW 6204 EW 6269.85 EW 6283.84 EW 6379.32 EW 6445.28 EW 6613.62 EW 6660.71 EW 6699.32
480 -4.03 ± 3.86
955 -3.69 ± 3.42 4.02 ± 2.36
1348 9.00 ± 2.13 11.03 ± 3.09 313.68 ± 105.74 9.44 ± 1.89 5.47 ± 3.40 26.54 ± 4.03 5.22 ± 4.56 3.49 ± 2.31
1685 3.75 ± 3.09
9478 4.52 ± 3.03 3.54 ± 2.74
10161
16891 -3.60 ± 3.55 1.90 ± 1.61 2.95 ± 2.11
18546 1.58 ± 1.28
21360
24446 2.61 ± 2.13 4.22 ± 3.81
27528 -3.66 ± 3.29 2.93 ± 2.28
29506
32043 -2.48 ± 2.00 2.91 ± 2.01 11.39 ± 7.04
33244 3.60 ± 1.39 9.77 ± 5.11 5.25 ± 2.87 14.19 ± 2.93
35021 -5.01 ± 2.97
35580 -3.36 ± 2.53 2.88 ± 1.72 3.07 ± 2.35
36965 2.44 ± 1.24 2.31 ± 2.00 4.05 ± 3.06
37717
37935 -1.63 ± 1.30 1.73 ± 1.49 2.97 ± 1.99
39294 3.20 ± 2.27 3.06 ± 2.43
40355
40953 2.56 ± 1.39
42525 -3.31 ± 2.35
42834 -2.33 ± 1.47
44533 3.40 ± 2.07 11.61 ± 2.99 2.69 ± 2.34 4.00 ± 1.21
44737 2.13 ± 1.65 6.37 ± 3.11
45098 2.59 ± 1.61 -5.09 ± 4.54 2.84 ± 1.92 5.21 ± 1.56
45557 1.82 ± 1.61 2.48 ± 2.28 2.30 ± 2.06
46976 3.89 ± 1.88 6.74 ± 4.33
48150 1.40 ± 1.37 3.49 ± 2.59
48261 -4.38 ± 3.24 2.50 ± 1.82
49336 -4.13 ± 2.62 2.13 ± 1.93 3.24 ± 2.01
49573 6.74 ± 1.88 11.67 ± 6.86 166.96 ± 71.67 4.05 ± 2.08 3.45 ± 1.28 11.62 ± 4.51 4.00 ± 3.66
50093 3.57 ± 3.27
52266 18.90 ± 1.83 34.16 ± 29.69 19.26 ± 2.62 454.23 ± 64.70 23.46 ± 2.79 9.44 ± 3.69 60.98 ± 4.23 8.85 ± 4.33 5.43 ± 3.21
60102 4.82 ± 1.61 17.06 ± 3.67 18.72 ± 2.48 3.55 ± 2.46 4.65 ± 1.63
60325 9.35 ± 4.19 18.80 ± 11.95 198.93 ± 99.62 16.48 ± 14.40 29.67 ± 8.77 7.56 ± 3.21
60929
61554 5.72 ± 1.35 10.75 ± 6.59 4.11 ± 2.62 101.52 ± 65.26 -3.57 ± 2.13 4.39 ± 3.42 14.80 ± 4.11 3.98 ± 2.71
61672 -3.69 ± 2.93 4.85 ± 2.12
61831 4.06 ± 3.52
62503 3.32 ± 3.10
63868 3.03 ± 1.40 56.27 ± 55.80 3.71 ± 3.47
69253 -7.89 ± 6.65 3.17 ± 3.12
70948
71518
72787 2.89 ± 1.30
75009 3.65 ± 1.63 3.23 ± 3.22
75112 4.44 ± 2.90 9.21 ± 7.13
79752 2.67 ± 2.53
80590 4.71 ± 2.96 2.49 ± 1.70 3.31 ± 1.75
83153 9.84 ± 2.46 16.74 ± 13.96 246.74 ± 49.63 19.40 ± 4.55 3.95 ± 3.65 39.65 ± 4.71 8.70 ± 6.33 8.92 ± 2.21
84552 -2.82 ± 2.54
85604 1.95 ± 1.61 3.17 ± 1.73
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Table 1. continued.
star (HD) EW 6195.98 EW 6204 EW 6269.85 EW 6283.84 EW 6379.32 EW 6445.28 EW 6613.62 EW 6660.71 EW 6699.32
86612
93331 2.46 ± 1.55 7.52 ± 4.66 1.09 ± 0.88
93845 2.07 ± 1.92 -11.26 ± 8.15 3.16 ± 2.75 3.42 ± 2.23
95178 1.86 ± 1.72 3.54 ± 2.42
98161 2.97 ± 2.55
98867 3.39 ± 0.90 2.84 ± 2.36 114.94 ± 46.84 6.22 ± 4.86 1.91 ± 1.81
100889 2.12 ± 1.82
103077 82.06 ± 81.76 2.10 ± 2.05 7.71 ± 5.59
105078 2.11 ± 1.74
105313 4.45 ± 1.63 13.41 ± 10.98 130.31 ± 79.69 11.49 ± 5.46
106461
107931 2.68 ± 1.75 -1.59 ± 1.24 1.57 ± 0.81
108107
108267 4.74 ± 4.55 4.83 ± 2.85
108344 7.40 ± 2.94 16.25 ± 7.79 7.93 ± 2.27 125.35 ± 112.85 12.30 ± 3.84 6.77 ± 3.64 36.94 ± 4.37 5.35 ± 2.30 5.72 ± 2.62
109309 2.85 ± 2.22
113709 7.33 ± 2.86 16.72 ± 8.94 6.61 ± 4.78 221.47 ± 69.77 2.31 ± 2.15 17.39 ± 5.39 3.37 ± 3.05 2.44 ± 2.06
114887 11.70 ± 1.93 22.88 ± 7.71 358.02 ± 77.98 8.88 ± 5.60 5.76 ± 3.27 26.78 ± 10.08 5.01 ± 2.22
116226 4.33 ± 1.84 12.20 ± 9.10 92.99 ± 55.75 2.05 ± 2.05 4.50 ± 3.35
116663 3.79 ± 2.86 11.10 ± 8.02
117484
119283 6.09 ± 2.37 141.71 ± 92.32 9.79 ± 5.14 16.84 ± 8.11 3.59 ± 2.07
120958 11.44 ± 7.96 7.47 ± 5.80
124834 8.64 ± 3.99 16.08 ± 10.39 10.68 ± 3.10 230.78 ± 122.24 22.18 ± 9.27
126131 3.06 ± 2.24 5.83 ± 3.96
131058 10.61 ± 1.84 17.09 ± 11.45 6.88 ± 2.17 268.95 ± 139.64 4.67 ± 2.62 25.38 ± 7.62 3.92 ± 3.57 2.16 ± 1.46
132101 5.21 ± 3.19 11.40 ± 9.06 155.56 ± 68.91 6.32 ± 3.59 3.12 ± 1.88 15.85 ± 7.30 3.12 ± 2.56
133529 6.34 ± 2.84 11.47 ± 5.56 4.96 ± 2.81 145.83 ± 47.19 4.12 ± 2.47 21.51 ± 5.60
135961 6.73 ± 2.01 118.84 ± 75.32 15.51 ± 4.95
139909 8.17 ± 1.58 16.22 ± 13.18 7.03 ± 3.23 196.32 ± 113.05 4.42 ± 1.65 3.27 ± 1.24 20.05 ± 6.07
140037 5.11 ± 1.80 107.50 ± 65.95 11.67 ± 4.76
140619 8.03 ± 1.95 17.98 ± 9.17 209.41 ± 80.70 3.10 ± 2.96 17.08 ± 6.98
141327 2.83 ± 2.10 64.49 ± 44.27 3.60 ± 3.29 10.20 ± 4.73
142315 6.25 ± 1.88 14.15 ± 10.14 3.73 ± 3.58 197.17 ± 75.36 5.15 ± 2.89 2.60 ± 2.06 16.63 ± 5.24
143321 10.23 ± 1.74 15.82 ± 12.57 9.84 ± 2.52 238.07 ± 74.54 11.21 ± 1.97 6.21 ± 2.99 36.28 ± 10.22 6.16 ± 4.82 5.84 ± 2.50
143326 3.98 ± 1.45 2.87 ± 2.59 2.44 ± 2.00 8.78 ± 2.29
146029 8.82 ± 2.14 12.59 ± 9.55 7.84 ± 4.70 265.30 ± 64.50 21.04 ± 7.94 3.14 ± 2.50
146254 6.34 ± 3.46 20.46 ± 10.02 6.46 ± 3.29 162.07 ± 108.96 15.73 ± 9.85
146295 4.19 ± 2.27 86.21 ± 48.24 3.64 ± 3.53 9.18 ± 6.41
147932 13.92 ± 2.33 26.30 ± 8.58 14.93 ± 3.80 313.75 ± 116.48 27.30 ± 2.58 9.14 ± 6.20 48.84 ± 8.33 9.31 ± 2.02
149425 11.21 ± 3.16 16.27 ± 6.76 15.74 ± 4.97 160.73 ± 57.02 23.25 ± 6.54 10.63 ± 2.63 48.14 ± 2.83 7.21 ± 2.62 6.90 ± 3.88
150548 5.55 ± 2.33 9.73 ± 7.43 118.71 ± 40.99 11.38 ± 2.80 4.55 ± 3.78
151884 22.28 ± 4.34 42.76 ± 15.65 24.57 ± 4.12 492.60 ± 79.91 29.24 ± 3.53 15.22 ± 5.28 81.12 ± 3.62 8.53 ± 3.42 8.29 ± 1.77
157524 5.44 ± 1.51 92.00 ± 47.83 4.51 ± 3.18 9.43 ± 2.84
164716 14.12 ± 1.98 18.03 ± 7.80 18.76 ± 6.62 186.86 ± 104.90 26.08 ± 3.88 9.40 ± 4.16 49.52 ± 9.29 8.48 ± 4.63 8.32 ± 2.72
164776 4.66 ± 2.51 7.01 ± 2.64 12.90 ± 6.32
165052 17.58 ± 3.97 39.16 ± 17.13 24.56 ± 5.13 528.99 ± 57.47 35.98 ± 2.32 64.46 ± 8.61 10.58 ± 5.51
165365 8.49 ± 1.94 13.52 ± 12.91 5.06 ± 2.74 196.70 ± 105.19 6.06 ± 4.14 13.62 ± 5.77
167468 3.01 ± 1.59
171722 2.63 ± 1.35 6.83 ± 6.38 68.96 ± 67.28 8.91 ± 6.11 3.00 ± 2.81
171957 21.57 ± 2.51 39.99 ± 5.01 411.73 ± 118.41 40.49 ± 4.04 14.02 ± 3.90 89.52 ± 4.44 15.00 ± 3.66 10.83 ± 1.51
172016 4.25 ± 2.80 2.58 ± 2.16 105.68 ± 71.08 2.59 ± 1.15 11.15 ± 5.61
172488 37.96 ± 3.20 72.93 ± 24.02 53.42 ± 4.46 528.94 ± 55.55 73.78 ± 3.53 22.36 ± 1.85 148.51 ± 15.08 23.03 ± 6.64 23.98 ± 4.18
172882 9.02 ± 2.33 13.48 ± 6.92 150.50 ± 85.38 8.21 ± 3.59 7.96 ± 3.21 31.18 ± 2.92 5.57 ± 4.40 5.32 ± 3.93
176853 25.07 ± 3.36 44.93 ± 17.77 43.95 ± 12.64 439.72 ± 90.98 59.40 ± 2.65 13.97 ± 2.17 104.30 ± 10.53 15.65 ± 11.71 16.42 ± 6.06
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Table 1. continued.
star (HD) EW 6195.98 EW 6204 EW 6269.85 EW 6283.84 EW 6379.32 EW 6445.28 EW 6613.62 EW 6660.71 EW 6699.32
177756 5.91 ± 4.97
179029 9.09 ± 1.59 21.09 ± 7.41 120.25 ± 42.81 15.06 ± 3.16 32.71 ± 6.37 6.07 ± 2.24
181296 3.60 ± 2.15
182254 2.65 ± 1.72 46.13 ± 44.85 7.33 ± 2.98
186837 2.44 ± 1.68 2.52 ± 1.65
188246 2.26 ± 1.25 3.54 ± 3.50 2.81 ± 2.09 4.67 ± 3.43
195805 3.36 ± 3.27 -4.78 ± 2.72 4.50 ± 2.23
195843 2.71 ± 1.75 -2.74 ± 2.24
196413 4.10 ± 2.12 8.04 ± 5.10 9.32 ± 5.03 3.97 ± 2.24
197630 2.23 ± 1.25 3.16 ± 1.67
201057 -1.77 ± 1.26
201317 -3.14 ± 3.02 2.99 ± 2.82 3.52 ± 1.58
202299 2.30 ± 1.82 5.31 ± 3.21 3.43 ± 1.78
205348 3.21 ± 2.07 6.51 ± 4.97
205705 2.71 ± 2.44 4.60 ± 3.85 4.12 ± 2.62
207158 2.97 ± 2.91
207603
209386 3.23 ± 2.82
218173 3.51 ± 1.88 -2.95 ± 2.45 -3.32 ± 1.73
225206
